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ABSTRACT 
The  application of systematic considerations of upper  air conditions to  the forecasting of precipitation  two 

days  in  advance  for  the Washington-Baltimore area  in winter is discussed. Forecasts  are  made  by  objective  treat- 
ment of specific meteorological variables from  the 850-mb. and 700-mb. levels. The accuracy of this  system is dis- 
cussed and compared with forecasts made  by  the usual subjective methods.  Comparisons show a strong bias in  favor 
of the  methods presented. Use of this  system  during  January 1951 is  explained in  detail  and  results  indicate sig- 
nificant  forecast improvement is possible if an  endeavor is made  to  systematically use present knowledge of certain 
relationships of conditions aloft  to  future weather. 
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INTRODUCTION 
One  of the immediate objectives of this research is to 

improve the  weather forecast for a period beyond which 
extrapolation and similar methods offer very limited assist- 
ance. One such problem  is to forecast “rain”  or  “no 
rain” for “day-after-tomorrow.” That this  is a logical 
problem to  be considered by forecasters is seen  when one 
realizes that Weather  Bureau regulations require  the 
formal issuance of a forecast by 2200 EST each day for 
the daylight hours (0700-1900) 2 days hence. These 
advices are of particular value to  many  important spe- 
cialized activities if they  can be obtained by  early  after- 
noon, and if, above all, they  are  accurate. Now it is the 
usual practice in the  Weather  Bureau  to issue the public 
forecast for “day-after-tomorrow” immediately following 

the analysis of the surface weather  map for 1930 EST, 
but even  then the  latest  map of the  upper air which is 
available to  the forecaster is that analyzed from observa- 
tions made a t  1000 EST or 9% hours earlier. This re- 
search, using essent,ially upper  air  information, therefore 
involves a time lag considerably longer than  the 48 hours 
beyond which conventional short-range forecasting tech- 
niques are usually considered no longer to apply. 

Little or nothing  is  found in the  literature of meteorology 
and  weather forecasting which applies to  this problem 
specifically.’ This does not  deny that subjective  methods 
can be found for preparing prognostic pressure pa,tterns 
for surface and  upper  air which can  be  extrapolated  to 
cover the time lag in question. However, it is well known 
tha t  such prognoses are  often considerably in error for 
periods of 24 to 30 hours in advance,  and even  assuming 
that they could be  prepared  with a high degree of accu- 
racy,  the job of estimating  the  weather  which will  accom- 
pany these patterns still remains a d a c u l t  problem. 

Granting therefore that  this problem involves much 
more than  the mere  extrapolation of pressure centers or 
precipitation  areas, one is led to  attempt a systematic 
interpretation of the field of motion of the  upper air 
within defined frontiers  in  terms of potential  availability 
of moisture, speed of flow, vertical motion, blocking, 
deepening, filling, and possibly many  other  factors  that 
one might consider in preparing a forecast for “day-after- 
tomorrow.”  How then  are we to  evaluate  these  many 
items in a systematic fashion, giving each its proper 
weight in  the solution of this  daily  problem? 

precipitation 24-48 hours in advance  at  Sen Francisco. 
I A notable  exception  is a paper by Vernon 111 describing  a  method for forecasring 
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This  study was started  in December 1949 in  an  attempt 
to answer this question and  thus  to  make available to 
the forecasters a system which  could be checked each 
day in an effort to improve the forecasts in question 
during the  winter  months  (December,  January,  February). 
A provisional system, which  was an  attempt to incorporate 
the ideas as described in  the following section of this 
report, was developed and te,sted within a few  weeks time. 

DEVELOPMENT OF THE PRELIMINARY FORECAST  AID 

During the  winter  months, a forecaster preparing fore- 
casts for areas along the east coast of the  United  States is 
apt to consider first of all whether or not flow channels at  
intermediate and/or higher levels of the atmosphere  are 
or will be present through which moisture will arrive  from 
the Gulf of Mexico during his forecast period. (See  [a] 
for example.) Thus,  precipitation would be unlikely in  a 
situation  in which this condition was lacking, though  its 
presence  would in no way  guarantee precipitation at  a 
particular spot  during  the period in question. Neverthe- 
less the  study proceeded with  the following attempt  at 
defining the presence or absence of this condition. 

The variable first considered as  an index of the  type of 
flow necessary for receiving moisture from the Gulf  was 
the position of the  High cell aloft which is usually present 
somewhere over or near  the  southeastern  United  States 
during winter months. As an index of time of occurrence 
of precipitation, pressure falls in  the western half of the 
country were  considered. 

I t  was  soon found that  the 700-mb. chart did not provide 
useful  indices of these variables as the  southeastern  High 
frequently did not extend to  that level and troughs often 
developed too late at that level to be used in forecasting 
for  more than 24-36 hours  in advance. However, the 
850-mb. chart seemed to give much better indications of 
“opening the Gulf” (a flow northward  from  the Gulf) 
and position of the  southeastern High. Correlations of 
position of the  southeastern  High at  850 mb.  with loca- 
tion of centers of largest 24-hour height falls at  850 mb. 
(west of the Mississippi) gave indications of being very 
useful. If the  southeastern  High was located far enobgh 
east so that  Miami  had  an  easterly or southerly flow at 
850 mb.  and height falls were located in  certain  areas in 
the  Southwest  and  Middle  West it was found that precip- 
itation  frequently occurred in  Washington  and/or 
Baltimore 2 days hence. If the High was pushed so far 
south  that a westerly flow  was prevailing at  850 mb.  in the 
Gulf, or if the High was bridged from Florida through 
Texas, then  rain  was unlikely. Although this method  gave 
promise of usefulness, it lacked strict  objectivity since  two 
different  persons  would not always indicate  the  southeast- 
ern High, frequently of peculiar size and  shape,  to  be  in 
the same specified area. Therefore, it  was decided to 

determine, if possible, a strictly objective parameter that 
could be used in place of the “position of southeastern 
High.” 

Since we usually look for the Gulf to “open” before pre- 
cipitation can develop, and since our forecast period  was to 
begin quite some time in  the  future,  it was  decided to use 
the upwind flow from some station  to  the southwest of 
Washington (and yet  not too far west) to give an indica- 
tion of flow from the Gulf area. Nashville was the  station 
selected for this check as it is thezonly upper  air station 
between  Washington  and the Mississippi River,  to  the 
west or southwest of Washington. Since, in daily fore- 
casting procedures, it was recalled that rain frequently  had 
developed after  the 850-mb. contour through Nashville 
could be traced upwind into  the Gulf, except  when there 
was a definite anticylonic curvature  to  this flow, it was 
decided first to evaluate this one parameter for forecasting 
“rain” or “no  rain”  2  days in advance for Washington 
and Baltimore. The rule for using the  parameter was 
stated  as follows: 

If the 850-mb. contour through Nashville, traced 
upwind, crosses the 25th parallel (north  latitude) east 
of longitude 100’ W. and  this intersection is not east 
of another  upwind  point on the contour between Nash- 
ville and  the intersection, forecast “rain.”  Forecast “no 
rain” for all other  types of flow not  thus defined. 
Figure 1 illustrates  examples of the  types of flow  which 

will result  in either a  “rain” or “no rain”  forecast in 
accordance with  the  above rule. 

The power of this  one  parameter derives from its ability 
to integrate  many  factors involving timing, moisture, 
flow, etc. I t  was felt that if Nashville upwind flow 
crossed latitude 25’ N. to the east of the longitude of 
Nashville (86’ 41’ W.) or if the upwind  flow curved back 
to the east after being farther to the west  (fig. 1 B), that 
the High in the  Southeast was too strong  to permit a 
trough to move through or to permit sufficient moisture to 
reach the Washington area by  the forecast period. If the 
upwind flow  was from the southwest but  then curved back 
to the  northwest  without crossing as far south as latitude 
25’ N. (fig. 1 C), then  in  many of these cases the trough 
which might otherwise help bring in the precipitation 
would be too far east or moving eastward too fast for 
rain still to be occurring 2 days  hence at  Washington or 
Baltimore. When the flow is from the  northwest aloft 
(fig. 1 C) it is usually too dry for precipitation or else 
there is  insufficient time for a new trough to develop and 
move eastward far enough to cause precipitation  on the 
east coast. As there  are  other  factors  with which a param- 
eter of this kind is correlated (vertical motion, overrunning, 
cyclone movement, etc., c. f. Fleagle [3]), it was thought 
that  by first determining the value of this  parameter alone 
it would  be  possible then  to  add  other  factors including 
pressure changes to improve the one-parameter forecast. 
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FIGURE 1.-Examples of types of 850-mb. contours through  Nashville which result in eithsr  a  “rain” or a “no  rain” forecast for Washington,  D. C., 2 days hence according to  the 
“single-parameter” rule. (A) “Rain” forecast, (B) “No rain” forecast, (C) “No rain” forecast. 

Results on  dependent data for 9 different winter months 
through a 4-year period, 1946 through 1949, are  sum- 
marized in figure 2 and  table 1. The percent and skill 
scores shown are for application of the  system to Wash- 
ington and  Baltimore considering 0.01 inch or more of 
precipitation to verify a “rain” forecast and a “trace” or 
zero precipitation to verify a “no rain” forecast. The 
results  for Washington are also compared with the official 
forecasts made for exactly the same period. 

The results for Washington, using only one parameter, 
gave a score of 85.6 percent correct and  a skill score of 
0.56 as compared with 67.5 percent  and skill score of 
0.20 for the official forecasts. Although good  scores are 
to be expected on  dependent data,  the superiority over 
official forecasts was far beyond  what was expected; the 
original goal was to try to develop a system which  would 
perhaps  give a score of 75 to 80 percent for forecasts 2 
days in advance. I t  should also be pointed out  that t,he 
scores made on the official forecasts had  the benefit of 
surface data available approximately 9 hours after  the 
upper air soundings used by  the one parameter  system. 

It  was realized that in  the nontypical cases  when  ex- 
tremely warm  weather occurs in the  East  during winter 
months, due to a warm  High building up in the  Southeast, 
the  one parameter rule would frequently break down by 
indicating precipitation when  none  would occur. This 
was the case in January 1950, a month  during which 
the  official scores  were  also  much  below par. It was 
therefore  decided that this study would have  to  be 
expanded in some manner  to  take care of these cases in 

or dependent data since these same  months were used when trying to develop the original 
2 The results for the 9 months discussed above  are considered to be dcrived from basic 

same results and December 1949 was outstanding  with a score of 94 percent correct. 
’ two-parameter study. However, some additional  months were tested  with  about  the 

8 The formula for computing  the skill score is: 

S=C--E 
T-E 

where Canumber of correct forecasts, Tetotal  number of forecasts, E=number of fore- 
casts  exneoted correct due to chance. 

which rain does not move to the  east coast even though 
the flow aloft is from the Gulf of Mexico. Also, if such 
a  system is to be of maximum practical value it should 
attempt to forecast rains that occur at  times after the 
existence of a northwesterly flow aloft. As shown by  the 
contingency table  (table 1) the one parameter  system 
forecast precipitation only 47 times whereas precipitation 
actually occurred 62 times at  Washington. An ideal sys- 
tem should indicate precipitation at  least as many times as 
preciptitation occurs, that is, the basic material should be 
developed to do this. 
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eter”  rule for forecasting winter  precipitation 2 days  in  advance at Washington, D. C. 
FIGURE 2.-Comparisonof  official forecasts with resultsobtaiued using the  “singleparam- 
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TABLE 1.-Contingency  tables  showing  results of forecasts for Wash- 
ington  and  Baltimore  obtained  by the parameter"  rule  on  9 
months of developmental data,  and  results of ojicial  forecasts for 
Washington for the same  period.  (January  1046,  1948 and  1949; 
February  1947,  1948  and  1949; December 1946, 1947  and 1948) 

Washington, D. 0. Baltimore, Md. 

I" 
Rain I" 

1 1" No rain __.__.._ 57 

Total .... 88 

-___"__ 31 62 35 27 62 33 

152 209 12 197 209 14 

183 271 47 224 271 47 
""" 

" 

tg Total 
____ 

30 63 

194 208 

224 271 

____ 
" 

Percent 1 correct = 67 11 correct = 86 / /  correct = 83 1 
Skill score =.20 Skill score z.56 Skill score =.60 

Percent  Percent 

DEVELOPMENT OF THE  MORE  COMPREHENSIVE 
SYSTEM 

METHOD OF STRATIFICATION 

The lack of a logical determination of the conditions 
under which a given forecasting system or variable shall 

be  used has  perhaps  been  a  major stumbling block in the 
development of forecast theories, foreca.sting aids, etc., 
and their application. Proper stratification of data, helps 
to avoid this diaculty.  The method of stratification 
should be such that it makes  adequate use of basic theory 
and should be capable of objective application. The follow- 
ing is therefore an  attempt  at meeting these requirements 
and describes a  system which  was  developed  using  the 
following 7 months  as basic data:  January 1946, 1950; 
February 1947,  1949; December 1946,  1947,  1949. 

As previously stated,  the use of an index of flow at 850 
mb.  relative to Nashville should be  made contiugent on 
the recognition of varied meanings of that  parameter under 
broadly different synoptic situations.  Thus  with the 
presence over the  eastern  United  States of a warm High, 
wherein the southwesterly flow a t  850 mb. over Nashville 
was perhaps a vertical extension of similar flow near the 
ground, no overrunning would  be present which could 
accelerate the vertical motion. This  situation  might be 
reversed should a cold High  be centered over the north- 
eastern  United  States. Therefore in  the search for a broad 
index of the synoptic situation, sea level pressures at 

FIGURE 3.-Example of a type 1 case. (a)  Sea level chart for 1330 EST, January 15, 1951. (b) 850-mb. chart for lo00 EST, January 15,1951. 

FIGURE 4.-Example of a type 2 case. (a) Sea level chart for 1330 EST, January 22,1951. (b) 860-mb.  chart for IO00 EST, January  22,1961. 
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Miami, 3%. a.nd Washington, D. C. were compared as of 
1330 EST. Following this an objective determination of 
the presence or absence of a southerly  current at 850 mb. 
was attempted through a comparison of the heights of the 
850-mb. surface at Washington, D. C. and  Little  Rock, 
Ark. a t  1000 EST. Consideration of only the signs of the 
two differences, (a) Litt,le Rock 850-mb. height  minus 
Washington  850-mb. height  and (b) Washington sea level 
pressure minus  Miami sea level pressure, will permit  strati- 
fication into four different types. It can be  seen that these 
types  will in  part reflect  some of the  important differences 
in flow previously mentioned. The four different types 
thus isolated will  now  be  reviewed for their general mete- 
orological implications in terms of weather 2 days hence, 
and more particularly,  the  na,ture of the weather  situations 
falling into each of the four categories will be briefly dis- 
cussed. Reference should be  made to figures 3 through 6 
for examples of actual situat.ions illustrating  the four types. 

Type  I includes all cases where the 850-mb. height a t  
Little Rock  is  greater than  that  at Washington and  the 
sea level pressure a t  Washington  is lower than  that  at 
Miami. Such a combination implies in most cases low 

pressure to  the  north at  the surface and a westerly or 
northerly flow aloft to the west of Washington. Generally 
such a condition does not  result in precipitation a t  Wash- 
ington or Baltimore 2 days  hence as any trough existing 
at  the time, which may  be associated with precipitation 
on the  current or following day, will usually move too far 
east in 2 days  carrying  its precipitation pattern  with  it. 
Furthermore,  there is usually insufficient time  to  permit 
another  rain  situation to develop and reach Washington 
within the time indicated. Nevertheless, this is not always 
true  and  parameters were developed to  determine when 
precipitation is likely to occur following these situations. 

Type 2 groups together those cases  wherein the 850-mb. 
height at  Litt,le  Rock  is less than  that  at Washington  and 
the sea  level pressure a t  Washington  is  greater than  that 
at Miami. Days  on which the flow patterns fall into this 
classification are  frequently followed by precipitation a t  
Washington 2 days hence. Here we have  the ideal 
overrunning type, with easterly or  northerly flow indi- 
cated at  the surface and  southerly flow aloft. However, 
the  problem of timing is a major element to be considered 
in deciding whether the precipitation which is to occur 

FIGURE 6.-Example of a type 3 cme. (a) Sea  level  chart for 1330 EST, January 17,  1951. (b) 850-mb.  chart for lo00 EST, January  17,1951. 

FIGURE 6.-Example of a type 4 case. (a) Sea level chart for 1330 EST, January 29,1949. (b) 850-mb.  chart for loo0 EST, January 29.1949. 
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will fall during  the daylight hours of “day-after-tomorrow.” 
In some instances the rain will occur but will have ended 
by the beginning of the 12-hour forecast period. Like- 
wise, the movement of the  trough or other  rain producing 
mechanism may  be so slow that the precipitation will not 
reach Washington until  after  the end of the 12-hour 
period. Therefore, in dealing with  this  type, it was first 
assumed that precipitation would occur, then rules were 
formulated to cancel this preliminary rain forecast if one 
of several specific conditions existed. This procedure is 
similar to that outlined in anot’her  study by the  author [4]. 
Type 2 is the only type in this paper to which this line of 
reasoning is applied. In  the other  three  types  parameters 
are introduced which are aimed at  indicating if and when 
precipitation is likely to occur; if a positive indication is 
lacking the forecast is  then for “no rain.” 
Type 3 groups those cases where the 850-mb. height at  

Little Rock is the same or less than at  Washington,  and 
sea  level pressure at  Washington is less than at  Miami. 
This  type  then includes the “wa~m High” cases  since it 
automatically includes cases  with southerly flow at surface 
and aloft. Of course it also includes cases with southerly 
flow  when the high pressure cell  was not of the  “warm” 
type. For type 3 cases three  sets of conditions were set 
up to indicate the likelihood of precipitation--if  one of 
these conditions is not present the forecast would  be for 
no precipita,tion. 
Type 4 comprises  cases where the 850-mb. height a t  

Little Rock is greater  than or equal to that, at  Wa,shington 
and  the sea level pressure a t  Washington  is higher t’han at  
Miami.  This is a very complex type as it includes cases 
where frontal systems have passed to  the  east  and  south 
of Washington  and  may  have become stationary along the 
coast and/or  in  the Gulf of Mexico. It implies that  the 
upwind flow aloft out of Washington is through or to the 
north of Little Rock which  would mean that  the flow must 
back  in order to get precipitation a.nd that if backing was 
likely  then precipitation could  occur in R manner similar 
to type 2. It can be  shown that  type 4 can  change  into 
type 2 relatively easily and  rapidly  under  certain con- 
ditions. In  this type, as in others, full use  was made of the 
earlier rule based  on Nashville upwind flow, and  sptxial 
parameters were set  up using direction of flow and pres- 
sure changes  to the west to determine the likelihood of 
precipitation. 

The question of how to deal with  the few instances 
where the  Washington and  Miami  sea level pressures are 
equal is a subjective decision  which must be  left  with the 
forecaster, rather  than suggesting a t  this  stage that  they 
be  placed in one type or the  other as was done  with the 
upper air data.  Near  the end of the  report is discussed 
an instance of this  kind, that was encountered on  January 
29, 1951. The description of how this was handled may 
serve as a guide. 

OUTLINE OF THE  FORECASTING  SYSTEM 

In  actual practice, this  system is applied by using a 
single “work  sheet”  upon which the forecaster enters the 
results obtained in following the  steps of the forecast pro- 
cedure. First of all the forecaster make,s the necessary 
comparisons of the 850-mb. heights a t  Little Rock and 
Washington  and the sea level pressures a t  Washington 
and  Miami.  This  immediately indicates which one of 
the four types is to be considered and  the forecaster then 
refers only to  the rules in that portion of the work  sheet 
dealing with that type. (A sample of this  form will  be 
found later  in  the  report (fig. 7) in a section which de- 
scribes the use of the  system  in  actual daily forecasting 
during  January 195 1 .) 

There is, however, one rule which may be used to elim- 
illate a forecast of rain  without  the necessity of any further 
checking. This rule,  which describes a broad north- 
westerly flow aloft extending to the  southern  tip of 
Florida, is stated as a function of the 700-mb.  contour 
through Miami. If the upwind  tracing of this contour 
from  Miami passes north of either  Little  Rock or Nash- 
ville, forecast “no rain.’’ This  type of flow is usually 
present only with a. very  strong ridge west of Miami and 
is  a type  that does not  permit sufficient moisture to reach 
the Washington  area within the critical time period. This 
rule is not  repeated below under each type, since it applies 
to all of them and  thus  may be checked  before determining 
the  type. 

Rules for Type 1.-Although the frequency of precipi- 
tation within type 1 can be stated roughly as “one in 
eight,” some of these cases result  in  rather  heavy amounts. 
I t  is therefore relatively  important  to try  to forecast the 
rain cases, rather  than  to  arbitrarily  stop a t  this point, 
knowing in advance that a “no  rain” forecast should be 
correct 7 fimes out of 8. The rules for forecasting are 
as follows: 

1. Determine  by inspection whet,her the 850-mb. con- 
tour  through  Atlanta when traced  upwind extends 
south of latitude 30’ N. at  or east of longitude 108’ 
W ,  If not, forecast “no  rain.” If south of 30°, 
check rule 2. 

2. If the 700-mb. contour  through  Atlanta when  traced 
upwind extends south of latitude 30’ N. a t  or east 
of longitude 1 0 8 O  W., and  either of the following 
conditions also exist, forecast “rain.” Otherwise 
forecast “no rain.” 
(a) The 850-mb. contour through Nashville when 

traced upwind extends south of latitude 25’ N. at 
or east of longitude 100’ W., without curving to 
the  east of its  farthest west extension. (Note 
that this  is a repetition of the earlier single param- 
eter rule) .* 

* Brier [5] uses  the  notation “L” for a parameter of this  kind. The  symhol “L” as used 
in the work sheet (fig. 7) is intended to describe the motion of upwind or upcontour flow 
but  not in the same  units as Brier’s “L”. 
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(b) If the 24-hour height change at  850 mb. at  Nash- 
ville is not more than +30 feet, and if the 700-mb. 
height at  Ely is greater than  that  a,t  Grand  Junc- 
tion, forecast “rain,” except forecast “no rain” 
with  this condition if the 700-mb. heights a t  both 
Grand  Junction  and Big Springs show  24-hour 
rises and  the 700-mb. height a t  Nashville shows a 
24-hour  fall. (This rule implies that 24-hour 
rises of 40 feet or more at  850 mb. a t  Nashville 
indicate too much strengthening of the ridge to 
permit  eastward movement of precipitation to  the 
east coast. The  lat.ter portion of the  rule  indicates 
that if the  trough a t  700 mb. is west of Grand 
Junction it is too far west to help produce rain by 
the end of the forecast period. On  the  other  hand 
if the  trough is east of Grand  Junction  with  the 
given kinematic  height change distribution,  the 
trough will  move eastward too far  to permit  rain 
to continue in  the Baltimore-Washington area 
during  the period in question .) 

Within the basic sample of data there were 65 cases 
which were  classified as type 1. Contingency tables show- 
ing the  results of applying  these rules within the ba.sic 
sample of type 1 cases and summarizing the official  fore- 
casts made for the same situations are given in  table 2. 
From these contingency tables, skill  scores or percentage 
of hits  above that obtainable  through a chance dist,ribution 
of the  same forecasts were computed, showing that  the 
system  exceeded the  past record of official forecasts by a 
considerable  degree. The system forecasts were 92 percent 
correct with a skill  score of .58 while the official forecasts 
were  72 percent correct with a skill  score of .05. The skill 
of the  system is tested  upon  independent data in a later 
section. 

TABLE Z.-Contingency  tables for  type  1  situations  comparing  results 
of system  forecasts on  dependent  data  with  results of oficial  fore- 
casts. (January  1946,  1950;  February  1947,  1949; December 
1946,  194Y,  1949) 

Before  discussing type 2 it may be  well to mention that 
the  official forecasts quoted  here  and elsewhere in this 
report are merely those which are most readily obtainable, 
without  recourse to a categorical interpretation of the fore- 
casts  which actually  reach  the public. Since  1944 Weather 
Bureau instructions  have required the  forecaster to record 
a categorical  decision  which is in agreement with the 

published forecasts a.s of about 2300 EST each day, or 
about 12 hours after  the observations upon which this 
forecasting system is based, as to whether he expects 
measurable rain to occur in  the rain gage at  Washington 
National  Airport  during  the 12-hour  period ending at  1900 
EST 2 days hence. It may be argued that this is not a fair 
comparison,  since the forecaster may have been striving 
for a high (‘percentage score” which  could perhaps bias his 
skill  score. It will be seen from  the contingency tables 
that  the forecaster was actually  making a serious attempt 
to forecast the  rain which occurred, and  that these  records 
are therefore a fair index of the weather which the fore- 
caster  actually expected. 

Rules for type ,$’.-Within this type  are cases with a 
broad  easterly flow in lower  levels (near  the ground) 
above which is a southwesterly flow aloft over the central 
or eastern  United States. Precipitation usually  occurs 
a t  or near  Washington  and  Baltimore sometime during 
the 2 days following  t,hese  cases. However, a t  times 
it will have  already ended before the beginning of the 
forecast period and in  other cases  will be blocked in its 
movement toward Washington or move northward. 

Therefore the rules which follow are based upon the 
assumption that rain will occur unless eliminated by one 
of the conditions outlined below. As stated previously, 
the  approach  here is similar to  that developed in  another 
study  by  the writer [4] for use in  the same region during 
the  month of October. Any one of these rules  will 
eliminate a forecast of “rain” and it is not necessary that 
the rules be  checked in  the order  listed. As stated above, 
rain should be forecast unless eliminated’by one or more 
of the following conditions: 

1. If the 850-mb. contour  through Na,shville  when 
traced upwind  crosses latitude 30” N. east of the 
longitude of Nashville, forecast “no rain”. The 
presence 01 this condition usually implies that high 
pressure is present over the  southeastern United 
States which  will  block the  movement of any trough, 
Low, or  other  precipitation mechanism during the 
period. 

2. If a closed  Low at 850 mb. is located north of 
Oklahoma City, between the 98th and  88th merid- 
ians, and  has moved northward or northeastward 
during  the past 12 hours, forecast “no rain”. In  
general rule 2 is intended to apply to Lows  centered 
south of the  Canadian  border whose tracks have had 
all  or  part of their  history south of the Dakotas. 
I n  these cases any precipitation which  occurs  is 
usually cut off before the beginning of the forecast 
period by the  dry  air which  moves into  the area in 
the wake of the Low. 

3. If the 850-mb. contour  through Nashville  when 
traced upwind dips below latitude 25”  N.  in accord- 
ance  with the earlier “one-parameter rule”, and  the 
850-mb. contour  through Chicago. when traced up- 
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wind stays  north of Oklahoma City,  and  the 850- 
mb.  hcight at  Albuquerque is greater  than that  at  
Omaha, forecast “no rain”, unless the 850-mb. 
contour through Pittsburgh dips below latitude 25’ 
N. a t  or  east of Brownsville. (If the  Pittsburgh 
contour does dip below 25’ N.,  or if the 850-mb. 
contour  through Nashville intersects 25’ N. lati- 
tude  east of another  upwind  point  on  the  contour 
between Nashville and 25’ N., this rule should 
not be  used to eliminate precipitation from the fore- 
cast.) I n  these cases the Low center is usually far 
enough north  and  east  that  the  precipitation moves 
to  the  north of Washington or else ends before the 
beginning of the verification period. 

4. If Little Rock and Oklahoma City show  24-hour 
height rises a t  850 and 700 mb.  and  the 700-mb. 
flow upwind  from  Dodge City is to  the  north of 
El Paso, forecast “no  rain”.  From kinematic 
considerations this indicates that  any  trough or 
Low present between  Oklahoma City  and  the  east 
coast is likely to move too far eastward or northward 
to still be bringing moisture  into  the Washington 
area  two  days hence. The portion of this rule 
dealing with the 700-mb. flow upwind  from  Dodge 
City is to cover the possibility of a second Low in 
the  Southwest being sufficiently  developed to move 
eastward far enough to result in  precipitation in 
the  East  during  the verification period. 

5. If the 700-mb. temperature at  San Antonio is 0’ C. or 
lower, forecast “no rain.”  The reasoning behind this 
rule is that if air  with such low temperatures reaches 
as  far  southeast  as  San Antonio, and to such a  depth, 
any disturbances present or developing to the ea,st of 
this will be pushed  beyond Washingt’on before the be- 
ginning of the forecast period  two days hence.  Orig- 
inally this rule was tentatively  stated to require 
also that  the  temperature a t  Chicago  be 0’ C. or be- 
low, but  it was found tlhat this was not needed  because 
in every case in the basic and test data when San 
Antonio had  a  temperature of 0’ or lower the temper- 
ature at  Chicago  was  also Oo or lower. 

6. If Oklahoma City heights show  24-hour  rises and 
Nashville heights show  24-hour falls at  850 and 700 
mb. and  the Oklahoma City 700-mb. height is not 
more than 20 feet greater  than Albuquerque, forecast 

the same kinematic reasoning as rule 4 and  the  latter 
portionof theruleis  to consider the possibility of a “lag- 
ging trough” aloft. If Oklahoma City flow at 700 
mb. is well sout,h of Albuquerque  rain is likely to 
develop as  the result of eastward movement of a 
“Southwestern Low.’’ 

7. If Nashville upwind flow at 850 mb. is through or east 
of Great Falls, Mont., at  the  latitude of Great Falls, 
forecast “no rain.” This implies  too much  north- 
westerly flow to permit a new trough to move into  the 

( I  no rain.”  The first portion of this rule is based on 

East during the period involved and  any trough or 
precipitation condition in the eastern half of the 
country would  be  forced  t.oo far eastward to be caus- 
ing precipitation two days hence. 

8. If Nashville upwind flow at 850 mb. is closed, due to 
circulation around  a closed  Low or a High, forecast 
“no rain.” In this rule the contour through  Nash- 
ville must  remain north of 31’ N.  in  the case of tl 

closed  Low, or north of  28’ N.  in  the case of a closed 
High  in order for “rain”  to  be eliminated. If a 
closed Low meet,ing this condition exists, it is not 
likely to be in a position to cause rain  in  the Wash- 
ington-Baltimore area two days hence. If a closed 
High circulation is present this usually prevents de- 
velopment or movement of precipitation into  the fore- 
cast area during the forecast period. 

9. If the 850-mb. height at  Chicago  shows a 24-hour 
fall, and  the fall is greater,  in  a negative sense, than 
those occurring at  Omaha,  North  Platte, and Dodge 
City (or if those 3 stations show  24-hour height rises), 
and if Bismarck 850-mb. height is greater  than Min- 
neapolis and if Chicago  upwind flow at 700 mb. does 
not go below latitude 32’ N. east of San Diego,  fore- 
cast “no rain.” With these conditions, if rain de- 
velops and moves into  the  East-Central  States,  it 
will usually have moved t.o the  northeast and/or east 
of Washington before the forecast period  begins. 

Caution should be  used in  trying  to  apply  this  system if 
the  situations described in rules 1 and 5 should happen to 
occur simultaneously. Since rule 1 applies to cases of 
blocking and rule 5 to cases whereby disturbances are ex- 
pected to move beyond the area by  the time of the verifica- 
tion period, the conflict is obvious. If such rare cases 
occur, it would  seem advisable to discount the two indi- 
cations of “no rain”  thus given and consider that  the sys- 
tem is not applicable. 

Ta.ble 3 shows that on  dependent data  the  system fore- 
casts were 83 percent correct with a skill  score of .62  while 
official forecasts for the same  days were  64 percent correct 
with a skill  score of .24. As was shown  in type 1 cases, 
the difference is sufficiently great  to encourage the belief 
that forecasts can  be  improved  through application of 
this type of technique. 

TABLE 3.-Contingency  tables for  type d situations  comparing results 
of system  forecasts  on  dependent  data  with  results of oflcial forecasts. 

1949) 
(January  1946,  1950;  February  1947,  1949; December 1946, 1947, 

System forecast I( Official  forecast I 
1 Rain 1 No rain 1 Total / I  Rain I No rain 1 Total 1 

1 lhin--.-.. 

13 

63 29 24 53 33 20 o Total ...... 

38 24 14 38 31 7 2 X o  rain.. . 

15 5 10 15 2 2 ““__I___”______ 

8 

Percent correct = 83 
Skill score =.62 

Percent correct = 64 
Skill score =.24 
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Rulesfor  type 3.-Many of the  situations which  come 
under this classification are characterized by t,he presence 
of a "warm High" over the  Southeastern  States.  In 
these situations precipitation at Washington and  Balti- 
more is often inhibited even  though  the flow a t  all levels 
would seem to assure an  adequate  supply of moisture. 
Many times in the  past  this  situation  has resulted in  an 
incorrect forecast of rain for a period 2  days  hence which 
was actually  warm  and  sunny.  Within  the 7 mont,hs of 
basic data analyzed in  this  study,  type 3 occurred 23 
times and it is interesting to note that 12 of these occur- 
rences  were in  January 1950, a  month  during which  many 
all-time high temperature records for January were broken 
in the eastern  United  States.  However it was possible 
to isolate three conditions within type 3 that are usually 
followed by  precipitation a t  Washington and  Baltimore 
2 days hence. 

Rules for identification of these three conditions are 
listed  below. Lacking at  least one of the  three conditions 
the forecast should be for ('no rain." 

1. This rule is intended  to cover borderline cases  where- 
in the sea level pressure at  Washington is only 1 or 
2  mb. less than  that  at Miami. In  these cases  fore- 
cast "rain" if the  temperature at  the 850-mb. level 
at  Little Rock is 7" C. or more higher than  that  at 
Washington, and the 850-mb. contour  through 
Nashville when traced  upwind dips below 25' N. 
latitude by or before reaching 100' W. longitude 
(note that  the earlier restriction  on  the eastward 
limit of intersection with 25' N. is not applicable 
here) and the 850-mb. contour through  Little  Rock 
when traced  upwind does not go north of Albuquer- 
que and  Grand  Junction.  Rules 2 and 3 also apply 
to these cases. 

2. If the 850-mb. contour  through  Pittsburgh when 
traced upwind is north of Dodge City,  and  that  at 
Nashville intersects 25' N. by  or before reaching 
100' W. longitude (again the restriction on eastward 
limit is not  applied), forecast ('rain." This rule 
describes a convergence of westerly and  southerly 
flow at 850 mb. west of Washington  in a manner 
which Namias [6] might describe as confluence. 
Actually the mechanism visualized in  the develop- 
ment of this rule has  nothing to do with confluence, 
but is rather  an  attempt  to describe a  situation 
wherein the trough west of Nashville can  move east- 
ward and produce precipitation a t  Washington 2 
days hence rather  than remain blocked. 

3. If both  the 850-mb. and the 700-mb.  upwind  con- 
tours through Oklahoma City go below latitude 30' 
N. by or before reaching longitude 110' W., forecast 

. This rule has been inserted to give proper 
consideration to  disturbances which  develop suffi- 
ciently far  to  the southwest so as to increase the 
chances of precipitation  in  Washington, as com- 
pared with cases where  Oklahoma City flow aloft is 

_ .  

958137-51-2 

more westerly. In  the  latter case, disturbances  are 
farther  north  and  precipitation  patterns usually 
move to  the  north  and west of Washington. 

Contingency tables covering the  results  obtained when 
applying  these rules on the 23 type 3 cases studied in the 
basic sample and  a similar table summarizing the official 
forecasts for  the  same cases are shown in  table 4. 

TABLE 4.-Contingency  tables for type 3 situations  comparing  results 
of system  forecasts o n  dependent  data  with  results of oficial  forecasts. 

1947,  1949) 
(January  1946,  1960; February 1947,  1949; December 1946, 

I Rain I No rain I Total ( 1  Rain 1 No rain I Totd 

? Rain __..__. 

!B 10 13 23 13 10 Total-.-..- o 
13 

e 
6 7 13 12 1 Norain.". 

10 4 6 10 1 9 
~ ~ _ _ _ _ _ _ ~ _ _ .  

~ ~ ~ _ _ _ ~ -  

I II Percent correct = 91 
Skill score =. 82 

Percent correct = 32 
Skill score =. 08 

Rules f o r  type 4.-From the forecaster's viewpoint, type 
4 probably  appears  to  be  the  most complex of all the types. 
Conditions often develop so that precipitation occurs 
either  east or south of Washington and Baltimore or oc- 
curs a t  these stations  immediately  prior  to  the forecast 
period. The  situation at  the time of issuing the forecast 
often involves a cold or stationary  front  to  the  south of 
Washington and  although  the flow aloft  to  the west of 
Washington shows no general southerly flow, such a flow 
can develop rapidly  through a backing of the winds aloft. 

Within  the  7  months of basic dat.a this  type was most 
frequent of all, with  a  total of 70 cases, of which 12 were 
precipitation cases. The forecaster's problem is to accu- 
rately forecast a large majority of these cases without over- 
forecasting. The following rules have been developed. 

1. If the 850-mb. contour  through Nashville is closed, 
due  to circulation around a closed Low or a High, 
forecast '(no rain". This is the  same  as rule 8 
under  type 2. 

2. This  rule is stated in three  parts,  the division  being 
made  upon  an  objective  measurement of the 850-mb. 
flow through Nashville. The  contour through 
Nashville is traced  upwind, and  the lowest latitude 
reached by this  contour  between Nashville and 100' 
W. longitude is noted.  (Note that  the restriction 
placed on  the  contour  in  the old ('single-parameter 
rule" does not  apply. In  other words, accept the 
reading thus  indicated regardless of the presence or 
absence of a more westerly point on the contour.) 
However, when Nashville 850-mb. upwind flow is 
to  the  north of Chicago and/or Omaha before curv- 
ing  southward  to below latitudes 25' or 30' N., the 
upwind  flow is considered to  have  a minimum latitude 
above 30' N. and rules for flow above 30' as listed 
under (C) below are applied. 
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If the lowest latitude reached is: 
A. Less than 25’ N:  Forecast  “rain” if the 850, mb. 

height at Omaha is higher or not more than 10 feet 
lower than  that  at  North  Platte. Otherwise fore- 
cast ‘In0 rain.”  This is essentially the old  “single- 
parameter  rule” but  the comparison between 
Omaha and  North  Platte is  used to  make  certain 
that  the  trough involved is not  already too far 
east or north  to  remain in a position to bring 
moisture into  the  East  2  days hence. 

B. 25’-30’ N. inclusive: Forecast  “rain” if 850-mb. 
height at  Omaha is the  same or greater  than 
North  Platte  height  and  there  are 24-hour  850- 
mb.  height  falls a.t all raob  stations from Bis- 
marck to Big Springs (including Rapid  City, 
North  Platte,  and Dodge City). Otherwise fore- 
cast  “no rain.’’ The rea.soning behind  this rule 
is similar to  that of A above except falls are  intro- 
duced as a requirement  to  open  the  trough suffi- 
ciently far  to  the  south  to induce a flow of moisture 
from  the Gulf. 

C.  North of  30’ N.: 
(i) Forecast  “rain” if: 

The 850-mb. upwind  contour through New 
Orleans can  be traced south of  25’ N.  latitude 
by  or before reaching 105’ W. longitude, 

and 

The 700-mb. contour  through  Little  Rock 
can  be traced south of 32’ N.  latitude  by or 
before reaching 105O W. longitJude (or can 
be  traced  south of El Paso), 

and, either 

There  are  height falls (24-hour negative 
changes) at  850 mb.  from  Bismarck to Big 
Springs (including Rapid  City,  North  Platte, 
and Dodge  City), 

or 

There  are 24-hour negative  height changes at 
850 mb. at  Grand  Junction,  El Paso, and 
Albuquerque. 

Rule (i) is for the purpose of introducing pressure 
falls  from the west and  northwest to cause 
development of a trough of sufficient magnitude 
to bring about  a  northward flow of moisture 
from  the Gulf. 

(ii) Forecast  “rain” if: 
There is an 850-mb. trough between  Nash- 
ville and Miami, 

and 

or  the 700-mb.  upwind contour through 
Charleston can  be traced upwind south of 
Albuquerque with Albuquerque 700-mb. 
height at  least 20 feet less than  that  at 
Charleston, 

and, either 

There  are 24-hour height falls a t  850  mb. 
a t  all stations from  Great Falls to Dodge 
City (including Lander,  Rapid  City,  and 
North  Platte), 

or 

There  are 24-hour height falls at  850 mb. 
from eastern Washington  through  Montana 
with a central height fall of  220 feet or more. 

Though this  rule does not include a strict 
definition of a  “trough,JJ this explanatory para- 
graph should aid in  locating these instances. 
The usual meteorological criteria for troughs 
should be  noted, such as  the presence of north- 
westerly winds at  Nashville as compared with 
southwesterly a t  Miami, or the presence of lower 
850-mb. heights between Nashville and  Miami 
than  are  reported a t  either. 

The rule (ii) is to provide a  means of deter- 
mining those cases whereby a front which  has 
passed to  the  south of Nashville, with a north- 
westerly flow aloft at  Nashville, is likely to move 
back  northward as a warm front,  or whereby a 
secondary Low  develops in  the Southwest  and 
moves northeastward along the  front causing 
widespread precipitation all the way to  the east 
coast. The upwind flow west of Charleston 
gives indication of the trough lagging far back 
aloft  and  the falls are a necessary requirement 
to cause further development of the Low  or 
trough. 

Within the basic data  the system forecasts for type 4 
were 91 percent accurate, as compared  with the 70 per- 
cent obtained by  the official forecasters when  dealing 
with the same cases. Contingency tables and skill scores 
for type  4  are shown in table 5. 

TABLE 5.-Contingency tables for  type 4 situations  comparing  results 
of system forecasts on dependent data  with  results of oigicial fore- 
casts.  (January 1946,  1950; February 194’7,  1949; December 1946, 
194’7,  1949) 

System forecast Official foremst 

Rain- ..- - -. 
No rain-“. 58 44 

Total ...-”. 16 70 19 5 1  70 

The 700-mb. heights at  San Antonio  and 
Dodge City  are less than at  Charleston, S. C. I II Percent correct =91 

Skill score =.74 
Percent correct=70 
Skill score =.la 
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COMPARATIVE SCORES FOR  DEPENDENT  DATA 

The discussion of the frequency and occurrence of rain 
within each of the four types  has been limited to  the 
verification of forecasts as though prepared for Wash- 
ington, D. C. only. However,  in the design of the  system 
attention was paid to verification at Baltimore, Md.,  and 
it will be seen from  table 6 t8hat  the skill is  nearly identical 
when applied to  either  city.  Table 6 ,  showing contin- 
gency tables for the 7 months of basic data when all four 
types are combined, shows again a considerable advance 
in skill over that shown in the record of the official 
forecasts for Washington, D. C. 

TABLE 6.-Contingency  tables  showing  results of Gystem forecasts for 
Washington  and  Baltimore  on  dependent  data,  and  results of official 
forecasts for  Washington  for the same  period. (January 1946, 
1960; February 1947, 1949; December 1946, 1947, 1949 

Washington, D. C. ( 1  Baltimore, Md. 1 
I I I  II I 
- - 

Rain zn Total Rain Total  Rain Zn Total 

Rain ....._.._. 25 20 45 38 7 45 40 11 51 

No rain ..-..-.. 49  117 166 15 151 166 13  147 160 

Total ._...____. 74 137 211 53 158 211 53  158 211 

-___ 

~ " " - ~ - ~  
~ _ _ _ _ - ~ " ~ -  

I il I/ Percent correct=67 Percent correct=SO Percent oorrect=89 
Skill score = 2 1  Skill score =.71 Skill score =.70 

From the tables it is evident that  the official forecasters 
were attempting  to forecast the precipitation which oc- 
curred, but at Washington, D. C., where measurable pre- 
cipitation occurred only 45 times, it was forecast 74 times, 
and of these 74 only 25, or approximately one-third, were 
correct. These  may  be  compared to  the forecasts made by 
this system which not only indicated forecasts of rain 
with a frequency closer to  that with which it actually oc- 
curred (note for example the 53 rain forecasts for Balti- 
more as compared  with 51 occurrences of rain)  but which 
also  were correct approximately four times out of five on 
the dependent data. 

RESULTS OF TESTS O N  INDEPENDENT DATA 

Table 7 summarizes the  results obtained when the rules 
which  were  developed on the 7 months of basic data were 
applied to  the  data for an  additional three winter months, 
January 1949, December 1948, and  February 1948. 
Though it may seem that  the 3 months  mentioned are 
independent of the original sample of data upon which the 
system was derived, there can be reasonable doubt  as to 
their independence since they were included as  a  part of 
the single-parameter study  and examined  in the course of 
that investigation. The  system was nevertheless con- 
sidered as having  been  tested before  being  placed in oper- 
tion at the  Weather  Bureau Forecast Center a t  Washing- 
ton National  Airport  on  December 1, 1950. 

TABLE 7.-Contingency  tables  showing  results of system  forecasts 
for  Washington and  Baltimore  on test data, and  results of official 
forecasts for  Washington  for the same  period.  (February 1948, 
December 1948, January 1949) 

Washington, D. C. Baltimore, Md. 

Official forecast System forecast System forecast 

Percent correct=84 Percent correct-88 
Skill score =.66 Skill score = .X  II 

From  the  author's experience it is  believed that  the skill 
scores (table 7) which are  as high as those attained on the 
original data are higher than one should reasonably expect 
to  attain within an average test sample. I t  was hoped, 
however, that  by developing a  system which  would  give a 
skill of .6 to .7 on basic data, one  could reasonably expect 
that a skill of .4 to .5 could be attained in actual every- 
day forecasting with independent data. 

Beginning on December 1,  1950, the system was  in  con- 
tinuous daily use through  February 1951, the computations 
being made  by  the forecasters on duty with  an occasional 
consultation with the  author.  Table 8 shows the results of 
forecasts computed by  the forecaster on  duty  at  the time, 
that is, the forecasts were made 2 days prior to the event. 

The method was  also tested  on  January  and  February 
1951 and  on  additional  months of past years by  the  Short 
Range Forecast Development Section of the Weather 
Bureau,  with  the  results  shown  in  table 9. It will  be 
noted that  the scores for January  and  February 1951 are 
somewhat lower than those obtained when the forecaster 
made daily use of the system. Since the system is not 
completely objective, there  are some  occasions on which 
a  stratification  can  be decided either way if the location of a 
contour line or other  feature of the analysis is uncertain. 
It was found by those testing  the method that such uncer- 
tainties existed on 20 percent of the  days during the 8 
months  test. On 37 percent of those uncertain days, 
whether the forecast was rain  or no rain depended upon 
interpretation.  This indicates that  the system  has  a 
feature which  is desirable in semi-objective systems, 
namely that  the forecaster when actually using the system, 
can by  appropriate  interpretation  on occasion thereby 
accomplish an over-all improvement. In  the test of the 
method for February 1951,  5 occasions  were  found  when 
a decision  was uncertain. If all of these occasions are 
omitted,  the skill score for this month rises from .09 to 22.  

For years 194345,  constant level charts were  used in 
the  test, with a conversion to  constant pressure  being 
made whenever the forecast might be  affected by the 
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TABLE 8."Contingency tables showing  results  obtained by forecasters 
using the system  daily. (December 1950 through February 1951) 

1 cast I/ Cast /I csst 
System fore- System fore- System fore- 

Percent Percent Percent 1 Skill /I Skill 11 Skill 
correct =84 correct =S9 correct  =82 11 1 score =.37 score =.69 I I  II 

Combincd 

System  fore 
cast 

,g 73 E 
.a 

$ a  "_ 
"_ 13 

90  70 20 

70 63 7 

20 7 

"_ 

Percent 
correct  =84 

score =.55 
Skill 

difference  between the two types of chart. 
From the results of the  tests  and daily use of the  system, 

it is believed, therefore, that  the skill score of .55 with 84 
percent accuracy (table 8) is representative of the results 
that may be expected in  future years provided similar 
charts  and  data  are available, though scores for indi- 
vidual months  can vary considerably around these figures 
as indicated. One should not expect such high skill 
scores during the  latter half of February  as  tests  have 
revealed that  the  system is not suitable for the  month of 
March and a t  times conditions in  February  are similar to 
those in  March. This phenomenon  may possibly  be 
related to a marked decrease in  the zonal index of wester- 
lies  which Namias [7] has found to occur each year a t  
about this same time. 

TABLE 9.-Percent correct and skill scores for  system  forecasts  for 
Washington, D. C., for test months. (Tests by Short Range Fore- 
cast Development Section) 

Test  month 

.3R 

.17 

.12 

.27 

.44 

.30 

.a3 

.09 

APPLICATION OF THE SYSTEM DURING JANUARY 1951 

Since it would take  many pages to show  examples of 
surface and  upper  air charts depicting the various param- 
eters or cases  covered by each of the four main types, it  
is felt that a discussion of the application of this system 
during January 1951  would enable the reader to  obtain 
a rather comprehensive picture  as to the practical use of 
this study. Since many readers of the  paper will have 
available to them  United States surface and upper air 
charts for January 1951, they  can easily  check  specific 
points discussed. 

The work sheet used in daily forecasting during  Janu- 
ary 1951 is shown in figure 7. This sheet shows the perti- 
nent conditions that were  considered  each day in arriving 
at  the final forecast as well as  the verification for Wash- 
ington  and Baltimore. 

The following is a discussion of the use of the system 
for a number of days during January 1951. Data described 
are from the 1000 EST upper  air  charts  and  the 1330 EST 
sea level charts  on  the  dates shown. 

January 1.-This  was a typical type 2 case. None of 
the nine items listed under this type eliminat,ed precipi- 
tation a,nd therefore the forecast was for "rain." Rain 
did develop in  the lower  Mississippi  Valley and moved 
northeastward very close to Washington,  with a trace of 
precipitation occurring a t  Washington  during the  hour 
before the beginning of the  forecast period. Since measur- 
able amounts did not occur at  Washington or Baltimore, 
this is considered as  an error. 

January Z.-Again t'his was a type 2 case and since 
none of the  nine  points listed eliminated precipitation, 
the forecast was for rain.  Moderate showers occurred 
with a cold front passage during  the forenoon of the  4th. 

January $.-This was a type 3 case but  not of the block- 
ing  warm  High  type.  None of the  three conditions neces- 
sary for precipitation were present and therefore the 
forecast was for "no rain." Fair weather prevailed dur- 
ing  the verification period. 

January ,$.--This was a type 1 case with a fairly strong 
westerly flow aloft. Since the 850-mb. contour through 
Atlanta  did  not extend south of latitude 30' N.  the sys- 
tem immediately indicated "no rain" without  further 
checking. The  6th was a fine day. 

J u m a r y  5.-This  was a type 2 case with cold air aloft 
in  the  Northeast  and warm  air  in the Southwest  and a 
well  defined trough developing a t  850 mb.  from  Minne- 
sota south-southwestward  into  Oklahoma and Texas. The 
system  indicated precipitation since none of the nine 
steps eliminated such a forecast. A wave  from the 
Southwest caused substantial  amounts of precipitation in 
the  Northeast  and  East-Central  States  on  January 7 and 
the forecast verified completely at Washington  and 
Baltimore. 

January  6,"This was again a type 2 case  which  sug- 
gested the possibility of precipitation. The  third  step 
eliminated precipitation, however, for the reason that the 
pressure trough associated with  the precipitation was ex- 
pected to move beyond  the forecast area  with  the 850-mb. 
contour through Chicago extending upwind well to  the 
north of Oklahoma  City. This was a case  where the 
earlier "one-parameter rule" would have  indicated pre- 
cipitation since the Nashville 850-mb. contour when 
traced upwind went south of latitude 25' N.  However, 
the rule based on the Chicago  850-mb. contour  indicated 
the  rain would end before 0700 EST, January 8. This 
proved to be the case and  although a trace of precipita- 
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"L" IP.M~ u p h d  or upcmtour fla 
MU....Ubuquemw, N.m. 
ATL....Athta, Cs. 
BIS.. ..Bialurek, U. D. Bcs.... Big Sprlnsngr, Tyr. 
BUA....Maah~lllo, TOM. 'BRO. ... BromuNle,Tu. 

CHI...GNcago Ill. 

DDC...Dodge Clty, KMS. ELF'... QPaao, Tax. 
CJT...G- J W U ~ ,  cob.  ysI...n- Orlwu. &. 
GTF...Gnar Fall . .  YMt. O K C . . . O W u  City, %la. 

D C A . . . W M h i E g L Q l ,  0:  c. 
LBT... North P l A t L O ,  bbr. PEV... 47, y.nd.. 
LIT...Llttlo R a k ,  Ark. Pzt... PltUbUmh, P.. 
UI...Usd. n.. 
m...limupall., yim. 
oy*...halm, hbr. 
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FIGURE 7.-Forecaster's work sheet  containing entries made by forecasters during January 1951 in  the preparation of forecaqts for Washington, D. C. 

tion  occurred during  the 6 hours prior to  the verification 
period, none occurred a t  Washington or Baltimore during 
the day period (0700-1900 EST) on January 8. 

Janwary 7.-This was a  type 1 case and since the 
850-mb. contour through  Atlanta extended to  the  north- 
west no additional checking was necessary and  the sys- 
tem indicated no precipitation. Fair weather prevailed 
on the 9th. 

January 8.-This  case was a type 1 with  the system indi- 
cating  no precipitation for the same reasoning as on  the 
7th.  There  was increasing high cloudiness  on the  10th but 
precipitation did not occur east of the Appalachians. 

January 9.-This  was obviously a type 4 case with the 
Nashville upwind contour a t  850  mb. reaching as far 
south  as 27' N. In this case there was only one set of 
conditions to be checked and no precipitation was hdi- 
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cated because the 850-mb. height a t  Omaha was  less than 
that  at  North  Platte.  In cases such as these with the 
main  850-mb.  low center being so far north, surface 
Lows usually move northeastward well to  the  north of 
Washhgton  and  the cold front passage a t  Washington 
and Baltimore gives little or no  precipitation. In this 
case the cold front barely gave  measurable precipitation 
at  Washington  (the official observer at  the  airport re- 
ported that  the  tipping  bucket was a  little over half full) 
but only traces were reported elsewhere. This was scored 
as an error for Washington but  as  a hit for Baltimore. 

January 10.-This  was a  type  2 case in which the  last 
step eliminated precipitation. In this case the 24-hour 
850-mb. height fall a t  Chicago  was 20 feet,  with  Omaha, 
Dodge City,  and  North  Platte  reporting 24-hour  rises. 
Thus, with the center of falls so far east, and  the 850-mb. 
trough east of Bismarck, and  the Chicago 700-mb. up- 
contour flow  well to  the  northwest,  any precipitation that 
occurred in connection with  the  upper  trough would nor- 
mally have  ended before  0700 EST of the  12th.  The 
forecast was correct. 

January 11.-This  was a  type 1 case  which indicated 
precipitation because Atlanta up-contour flow was  below 
30’ N. latitude at  850 and 700 mb., Nashville height 
change at  850 mb. was only + l o  feet, and  the 700-mb. 
height at  Grand  Junction was  less than  that  at  Ely with 
Grand  Junction  and Big Springs showing 24-hour falls. 
All of this indicated development of a Southwestern Low 
with moisture from the Gulf spreading northeastward 
aloft as the Low deepened. Precipitation developed in 
the Gulf area and moved northeastward  and measureable 
amounts of snow occurred on  the  13th  in southwestern 
Virginia but  not  quite  as  far  northeast  as Washington. 
The forecast was therefore considered to be incorrect. 

January ld.-This again was a type 2 case  which indi- 
cated precipitation  during  the forecast period because none 
of the  steps  which  are designed to consider timing and 
direction of movement eliminated the chance of precipita- 
tion. Considerable warm front  type  precipitation oc- 
curred on the  14th  in  the Washington-Baltimore area and 
a large section of northeastern  United  States. 

January 14.-This  case  could have been  classified as 
either type 2 or type 3 since Miami  and  Washington re- 
ported the same sea level pressures. In  such instances 
we have followed the practice in  actual forecasting of 
checking for both types. Type 2 rules indicated no  pre- 
cipitation because the  temperature was “4’ C. at San 
Antonio a t  700 mb.  and therefore any  disturbances  then 
present in  the  East would move too far  east or northeast 
to influence weather  in  the  Washington-Baltimore  area 
2 days later. Also, none of the conditions that indicate 
precipitation for type 3 was found. No  precipitation 
occurred on  the  16th,  and  the forecast was  verified as 
correct. 

January 29.-As this case  could have been classified as 
either type 1 or type  4  both  types were checked. The 

check for type 1 showed that  the  Atlanta upwind flow at 
850 and 700 mb. extended below latitude 30’ N.  and the 
subsequent  steps indicated precipitation. However,  the 
check for type 4 showed that  the height changes at  850 
mb.  in  the two critical areas  indicated  no precipitation. 
With  the  two  types differing it could then be assumed that 
the  system indicated a 50 percent chance of measureable 
precipitation. However, the forecaster preferred to con- 
sider the forecast as  “no  rain” since the sea level pressure 
at  Washington was rising more  rapidly  than  that  at Miami 
and within a few hours  the  type could have  been consid- 
ered as  a more definite type  4 case. This is listed as an 
error since precipitation occurred during  the  entire  day 
on the 31st. 

CONCLUSIONS 

The  results of this  study  indicate  that increased accu- 
racy of weather forecasts is possible through  a systematic 
application of our knowedge of the  upper  air  to weather 
forecasting. Though  in most cases the rules presented 
in this study were developed through  what is believed  to 
be a basic consideration of the  structure of the atmosphere 
under various weather and flow regimes, such a discipline 
forces the knowledge  which is based upon experience into 
a logical framework and  therein  probably lies the power 
of the  method.  Therein lies  also a reason why forecasters 
with experience in  the  eastern  United  States will find a 
great resemblance between these forecasting rules and 
those which they would ordinarily use. It should be 
mentioned, however, that in portions of the  study concepts 
used in  the  past  by  the  author  and believed valid were 
realigned subsequent to  the application of objective tests. 

One should not consider that  this  study represents the 
final and complete answer to  the problem of forecasting 
winter precipitation  in  the  Washington-Baltimore area 
2  days  in  advance.  There  are  many possible avenues 
which have  not  been explored due to  the limited time 
allotted  to  this  study  in order to  make it available to fore- 
casters for use during  the  past winter (1950-51). These 
effects,  which  would include blocking and  the  jet  stream, 
could be analyzed using data from the  nearby  Atlantic 
Ocean, Canada,  and Alaska, such attempts  not having 
been  made in connection with  this investigation. It is 
hoped that forecasters and researchers will  be able to do 
so and  thereby enable the forecasts to reach a  still higher 
degree of accuracy. 

There  are now indications that basic progress in  the 
science of meteorology will lead to definite improvement 
in methods of preparing prognostic pressure patterns (see 
Charney  and Eliassen [8] and Cressman [SI) and  that 
through  this  there  can be an improvement  in the  accuracy 
of weather forecasts. Further progress in  the improve- 
ment of pressure pattern forecasting can also lead to im- 
provement in weather forecasts for periods still farther 
in advance of those dealt  with  in  either phase of investi- 
gation  through  a  combination of the  results of both.  Thus 
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if an  accurate prognostic upper  air pressure chart can be 
prepared for 1 day  in  advance,  this  study provides a 
means of forecasting precipitation 3 days  in advance. 

One final conclusion should be mentioned. In  the 
earlier phases of this investigation, when it appeared that 
it would  be  difficult to improve  upon  the  results  obtainable 
with a single parameter, it appeared that  the conclusions 
reached by Angell and  Chen [lo] on  the west coast of the 
United States were also valid along the  east coast. They 
stated ‘ I .  . . the  number of significant variables appears 
to  decrease with an increase in forecast period.” It 
appears now that with successful stratification, and  up 
through the 2-day period involved in this study,  the 
number of variables that can be  successfully  employed is 
not a function of the  magnitude of the time lag. 
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